Abstract: Methyl ketones derived from monoterpene hydrocarbons limonene, α-pinene, and (+)-3-carene are converted into a new terpendoles in Fischer's indole synthesis. Regioselectivity of indole formation depend on the structural features of starting ketones but not on the reaction conditions. Introduction.
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Terpenic methyl ketones from limonene, (+)-3-carene and a-pinene in Fischer's indole synthesis
Results and discussion.
We have carried out all transformations under the conditions, that are most often used for Fischer's indole synthesis (14): refluxing of a ketone with an arylhydrazine in acetic acid, heating of the resulting arylhydrazone (a) in acetic or polyphosphoric (PPA) acids, (b) with anhydrous zinc chloride in absolute ethanol, (c) in the presence of polyphosphoric acid ester (PPE). We found that in case of compounds 5, 7, 9, 11 regioselectivity of the indoles formation did not depend on the reaction conditions, but has been predetermined by structure of the methyl ketones. The reaction conditions effected just on the ability of the starting ketones to participate in the heterocyclization. min, formation of indole 10 occurs, the cyano group is transforming to amide because of partial hydrolysis (17) . As compared to the molecules 5, 7 and 11, ketone 9 has no methylene group next to the carbonyl, so the indolization involves the methyl group.
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The best results in Fischer's reaction can be obtained for indolization of arylhydrazones of ketone 11:
indole 12 is formed in good yields in acetic acid and with PPE in CH 2 CI 2 , or with P 2 0 5 in dry dioxane.
Refluxing of an aryl hydrazone of ketone 11 in acetic acid seems to be the best conditions for indolization of o-methoxy-, p-methoxy-and o-bromo-phenylhydrazones as well as a-naphtyl-and 8-quinolylhydrazones.
p-Methoxy derivative is transformed to the corresponding indole 14 faster and provides higher yield of the indole as compared to the other substituted arylhydrazones, that is in agreement with the relative reactivity of substituted arylhydrazones of cyclohexanone in Fischer's indole synthesis (18).
Conclusion.
A number of new indoloterpenoids derived from seco-monoterpenic ω-keto nitrites have been synthesized. Structures of the new products have been established by IR, UV, NMR 1 H-and 13 Cspectroscopy and mass-spectrometry.
Experimental.
Melting points were determined using a Kotier hot-stage. IR spectra were recorded on a Specord M-80 Vol. 6, No. 1, 2000 Terpenic methyl ketones from limonene, Phenylhydrazine (3.3 mmol) was added to a solution of a ketone (3.0 mmol) in glacial acetic acid (5 mL) and the mixture was refluxed for 3-4h. The reaction mixture was poured into water (10 ml), 25% aq.
NH 3 was added to pH~8, and the organic products were extracted with ethyl acetate (3x10 mL). The combined extracts were washed with water (15 mL), brine (15 mL) and dried (Na 2 S0 4 ). The solvent was removed under reduced pressure to give the crude product which was then purified by column chromatography (Si0 2 , C 6 H 6 -EtOAc)
Method B. General procedure for the synthesis of indoles from arylhydrazones of ketone 11 in acetic acid:
Arylhydrazine hydrochloride (3.30 mmol) and Na 2 C0 3 powder (0.16 g, 1.51 mmol) were added to a solution of ketone 11 (0.50 g, 3.03 mmol) in EtOH (5 mL), and the mixture was stirred for 2h at room temperature. The precipitate was filtered off and the filtrate was evaporated under reduced pressure. The residue was dissolved in glacial acetic acid (10 ml) and heated at reflux for 3-4h. The reaction mixture was poured into water (20 mL), 25% aq. NH 3 was added to pH~8, and the organic products were extracted with t-butyl methyl ether (3x10 mL). The combined organic extracts were washed with water (15 mL), brine (15 mL) and dried (Na 2 S0 4 ). The solvent was removed under reduced pressure to give the crude product as brown oil which was then purified by column chromatography (Si0 2 , petroleum ether-EtOAc).
Method C. Procedure for the synthesis of indoles from an phenylhydrazones in polyphosphoric acid:
Phenylhydrazine (3.3 mmol) was added to a solution of ketone (3.0 mmol) in EtOH (5 mL) and the mixture was stirred for 2h at room temperature. After removing of the solvent under reduced pressure the resulted phenylhydrazone was recrystallized from aq. EtOH.
The phenylhydrazone (3.3 mmol) was added to a vigorous stirred PPA (10.0 g) (19) and the mixture kept at 100°C for 30 min. The reaction mixture was poured into water (20 mL), 25% aq. NH 3 was added to pH~8, and the organic products were extracted with t-butyl methyl ether (3x10 mL). The combined organic extracts were washed with water (15 mL), brine (15 mL) and dried (Na 2 S0 4 ). The solvent was removed under reduced pressure to give the crude product which was then purified by column chromatography (Si0 2 , pentane-EtOAc).
Method D. Procedure for the synthesis of indoles from arylhydrazones in polyphosphoric acid ester:
Arylhydrazine (1.1 mmol) was added to a solution of a ketone (1.0 mmol) in EtOH (5 mL), the mixture was stirred for 2-4h at room temperature and the solvent was removed under reduced pressure. The residue was dissolved in CH 2 CI 2 (5 mL) followed by the addition of PPE (1.0 g) (20). The reaction mixture was stirred for 2-3h at room temperature. The solvent was distilled off and the residue was poured into water (10 mL) followed by addition of 25% aq. NH 3 (to pH-8), and the organic products were extracted with t-butyl methyl ether (3x10 mL). The combined organic extracts were washed with water (15 mL), brine (15 mL) and dried (Na 2 S0 4 ). The solvent was removed under reduced pressure to give the crude product which was then purified by column chromatography (Si0 2 , petroleum ether-EtOAc).
Method E. Synthesis of indole 12 from phenylhydrazone of ketone 11 in dioxane with phosphorus pentaoxide.
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A solution of ketone 11 (0.50 g, 3.03 mmol) and Phenylhydrazine (3.30 mmol) in dry dioxane (10 mL) was stirred for 30 min at room temperature. Phosphorus pentaoxide (2.0 g) was added to the resulting mixture and the reaction mixture was refluxed for 30 min. The precipitate was filtered off and the filtrate was evaporated under reduced pressure to leave the residue which was dissolved in glacial acetic acid (10 mL) and the solution was heated at reflux for 3-4h. The reaction mixture was poured into water (20 mL), 25% aq.
NH 3 was added to pH~8, and the organic products were extracted with t-butyl methyl ether (3x10 mL). The combined organic extracts were washed with water (15 mL), brine (15 mL) and dried (Na 2 S0 4 ). The solvent was removed under reduced pressure to give the crude product as a solid which was crystallized from aq.
EtOH to give indole 12 (0.39 g, 54%). -11), 23.69 (d, C-12), 15.27 (t, C-13), 120.93 (s, C-14), 16.90 (q, C-15), 28.70 (q, C-16), 13.01 (q, C-17) , 55.52 (q, Η 7.56, Ν 10.50; calc. for C^H^O C 76.09, Η 7.51, Ν 10.44 . 12R-2-methyl-3-[2,2<limethyl-3-(cyanomethyl) -11), 23.61 (d, C-12), 15.18 (t, C-13), 121.13 (s, C-14), 16.92 (q, C-15), 28.71(q, C-16), 13.18 (q, C-17), 55.91 (q, C-18) .
(±)-2-methyl-3-(2-cyanomethyl-3-methyl)but-1-en-3-yl)-1 Η-indole 8 (prepared by
(±)-[cis-3-(1H-indol-2-yl)-2,2-dimethylcyclobutyl]acetamide
(+)-10R, 12R-2-methyl-3-[2,2-dimethyl-3-(cyanomethyl)cyclopropyl]-7-methoxy-1Η-indole 13 (prepared by
Found : C 76.29, Η 7.75, Ν 10.37, calc. forC^H^O C 76.09, Η 7.51, Ν 10.44. (+)-10R, 12R-2-methyl-3-[2,2-dimethyl-3-(cyanomethyl) (+)-10R, 12R-2-methyl-3-[2,2<limethyl-3-(cyanomethyl) 
